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Abstract
Background  Cardiovascular disease (CVD) is closely associated with the triglyceride glucose (TyG) index and 
its related indicators, particularly its combination with obesity indices. However, there is limited research on the 
relationship between changes in TyG-related indices and CVD, as most studies have focused on baseline TyG-related 
indices.

Methods  The data for this prospective cohort study were obtained from the China Health and Retirement 
Longitudinal Study. The exposures were changes in TyG-related indices and cumulative TyG-related indices from 2012 
to 2015. The K-means algorithm was used to classify changes in each TyG-related index into four classes (Class 1 to 
Class 4). Multivariate logistic regressions were used to evaluate the associations between the changes in TyG-related 
indices and the incidence of CVD.

Results  In total, 3243 participants were included in this study, of whom 1761 (54.4%) were female, with a mean age 
of 57.62 years at baseline. Over a 5-year follow-up, 637 (19.6%) participants developed CVD. Fully adjusted logistic 
regression analyses revealed significant positive associations between changes in TyG-related indices, cumulative 
TyG-related indices and the incidence of CVD. Among these changes in TyG-related indices, changes in TyG-waist 
circumference (WC) showed the strongest association with incident CVD. Compared to the participants in Class 1 of 
changes in TyG-WC, the odds ratio (OR) for participants in Class 2 was 1.41 (95% confidence interval (CI) 1.08–1.84), 
the OR for participants in Class 3 was 1.54 (95% CI 1.15–2.07), and the OR for participants in Class 4 was 1.94 (95% CI 
1.34–2.80). Moreover, cumulative TyG-WC exhibited the strongest association with incident CVD among cumulative 
TyG-related indices. Compared to the participants in Quartile 1 of cumulative TyG-WC, the OR for participants in 
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Introduction
Cardiovascular disease (CVD), a major global health 
concern, remains the leading cause of mortality and 
healthcare costs, imposing a substantial burden on 
the healthcare systems in China and worldwide [1–4]. 
Therefore, it is crucial to enhance current strategies 
for identifying individuals at high risk of CVD, thereby 
implementing targeted preventive measures to reduce 
the incidence of CVD and mortality.

Insulin resistance (IR), a hallmark of diabetes mellitus 
(DM), is characterized by a diminished tissue response 
to insulin [5–7]. Previous studies have indicated that IR 
may significantly contribute to the development of CVD 
[6, 8–10]. While the hyperinsulinemic-euglycemic clamp 
is considered the gold standard for assessing IR, its com-
plex testing process constrains its clinical utility [11]. The 
triglyceride-glucose (TyG) index, a composite indicator 
of triglyceride (TG) and fasting plasma glucose (FBG) 
levels, has emerged as a cost-effective surrogate for IR 
[12, 13]. Recent studies have shown that the baseline TyG 
index, cumulative TyG index, and TyG index variability 
are associated with the incidence of CVD, coronary heart 
disease (CHD), myocardial infarction, stroke, and major 
adverse cardiovascular events [14–20].

Obesity is a growing global health concern that is 
strongly associated with IR and metabolic disorders [21]. 
Research indicates that combining the TyG index with 
obesity indicators, such as body mass index (BMI), waist 
circumference (WC), and waist height ratio (WHtR), 
may improve the accuracy of IR detection [13]. Previous 
studies have revealed that the combination of baseline 
TyG and obesity indicators can provide superior predic-
tive value for CVD, CHD, stroke and hypertension when 
compared to TyG alone [18, 22–24]. A recent prospec-
tive cohort study indicated the significant relationship 
between changes in TyG-BMI and stroke incidence [25]. 
Moreover, cumulative TyG-BMI has also been demon-
strated to be associated with CVD incidence [26].

While previous studies have extensively reported on 
the relationship between TyG and its related indices and 
CVD, there has been limited focus on the association 
between changes in TyG-related indices and CVD. To 
address this gap, this study aims to characterize and com-
pare the predictive value of changes in TyG-BMI, TyG-
WC, and TyG-WHtR for the incidence of CVD.

Method
Study participants
The China Health and Retirement Longitudinal Study 
(CHARLS) is a national population-based longitudi-
nal study [27]. In total, 17,708 participants were initially 
recruited nationwide in China from 2011 to 2012 (Wave 
1). Participants were followed up every 2 to 3  years, 
with subsequent waves in 2013 (Wave 2), 2015 (Wave 
3), 2018 (Wave 4), and 2020 (Wave 5). At each wave, the 
CHARLS interviewers conducted health-related surveys 
using the standardized questionnaire. Blood samples 
and physical measurements were collected at Waves 1 
and 3. Initially, we included 5789 participants with com-
plete FBG and TG at Waves 1 and 3, and then excluded 
participants without height, weight, or WC at Waves 
1 and 3 (n = 1,54). Participants who were younger than 
45 years old (n = 114), had prevalent CVD at Waves 1, 2, 
or 3 (n = 1136), or had missing follow-up data at Waves 4 
and 5 (n = 242) were also excluded. Ultimately, 3243 par-
ticipants were enrolled in our study (Fig. 1). All partici-
pants provided informed consent, and CHARLS received 
approval from the institutional review board of Peking 
University.

Assessment of exposures
The exposures were changes in TyG-related indices and 
cumulative TyG-related indices over the period from 
2012 to 2015. TyG-related indices were calculated as fol-
lows [13, 14, 24]:

	
TyG − WC = ln

(
TG (mg/dl) × FBG (mg/dl)

2

)
× WC (cm) ;

	
TyG − BMI = ln

(
TG (mg/dl) × FBG (mg/dl)

2

)
× BMI

(
kg/m2) ;

	
TyG − WHtR = ln

(
TG (mg/dl) × FBG (mg/dl)

2

)
× WHtR.

Cumulative TyG-WC, TyG-BMI, and TyG-WHtR, 
were calculated using the formulas below [16, 25]: 
(TyG-WC2012 + TyG-WC2015)/2 × time(2015 − 2012); 
(TyG-BMI2012 + TyG-BMI2015)/2 × time(2015 − 2012); 
(TyG-WHtR2012 + TyG-WHtR 2015)/2 × time(2015 − 2012). 
Height, weight and WC were measured by trained nurses. 
BMI was calculated as weight in kilograms divided by 

Quartile 2 was 1.33 (95% CI 1.00–1.76), the OR for participants in Quartile 3 was 1.46 (95% CI 1.09–1.96), and the OR for 
participants in Quartile 4 was 1.79 (95% CI 1.30–2.47).

Conclusions  Changes in TyG-related indices are independently associated with the risk of CVD. Changes in TyG-WC 
are expected to become more effective indicators for identifying individuals at a heightened risk of CVD.

Keywords  Triglyceride-glucose index, Obesity indicators, Long-term change, Cardiovascular disease, K-means 
clustering
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height in metres squared. WHtR was calculated as WC in 
centimetres divided by height in centimetres.

Changes in TyG-WC, TyG-BMI, and TyG-WHtR from 
Wave 1 to Wave 3 were respectively classified into four 
classes (Class 1 to Class 4) using the K-means cluster-
ing algorithm (Figs.  2, S1 and S2). Specifically, Class 1 
represented consistently low TyG-related indices, Class 
2 indicated moderate TyG-related indices with a slight 
increasing trend, Class 3 denoted high TyG-related indi-
ces with a slight increasing trend, and Class 4 was charac-
terized by consistently highest TyG-related indices. The 
mechanism of the K-means algorithm has been described 
in detail before [28, 29]. A detailed description of the 
clustering is shown in Additional file.

Assessment of incident CVD
The primary outcome was incident CVD, which was 
ascertained by responses to the following questions: 
“Have you been diagnosed with stroke or heart condition 
(including heart attack, coronary heart disease, angina, 
congestive heart failure, or other heart problems) by a 
doctor?” or the question “Are you now undergoing any 
treatments to treat stroke or heart condition?”.

Covariates and missing data handling
The following covariates were collected: (1) sociodemo-
graphic factors: age, sex, education level, and marital 
status; (2) lifestyle factors: smoking status and drinking 
status; (3) medical history: hypertension, DM, dyslipi-
daemia, and kidney disease; (4) physical measurements: 

Fig. 1  Flowchart of the inclusion and exclusion of participants. FBG fasting plasma glucose, TG triglyceride
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weight, height, BMI, WC, WHtR, systolic blood pressure 
(SBP), and diastolic blood pressure (DBP); and (5) labo-
ratory examinations: total cholesterol (TC), high-density 
lipoprotein cholesterol (HDL-C), low-density lipoprotein 
cholesterol (LDL-C), TG, FBG, estimated glomerular fil-
tration rate (eGFR), glycosylated haemoglobin (HbA1c) 
and hypersensitive C-reactive protein (hsCRP). The 
eGFR was calculated using the modified Modification 
of Diet in Renal Disease (MDRD) equation [30]: eGFR = 
{175 × Scr (mg/dl)−1.234 × Age−0.179 × 0.79 (if female). DM 
was defined as self-reported DM, any treatment for DM, 
or FBG ≥ 126  mg/dl. Hypertension was defined as self-
reported hypertension, any treatment for hypertension, 
SBP ≥ 140 mmHg, or DBP ≥ 90 mmHg. Participants were 
considered to have dyslipidaemia if they self-reported a 
history of dyslipidaemia, were undergoing treatment for 
dyslipidaemia, or had TC ≥ 240 mg/dl, TllG ≥ 150 mg/dL, 

LDL-C ≥ 160  mg/dl, or HDL-C < 40  mg/dl. To address 
missing data, we utilized multiple imputation of chained 
equations, generating five imputed datasets to ensure 
robustness in our analyses.

Statistical analysis
Baseline data were expressed as mean ± standard devia-
tion (SD) or median with interquartile range (IQR) for 
continuous variables and as number (percentage or fre-
quency) for categorical variables. Descriptive analy-
ses were conducted using the χ2 test, one-way analysis 
of variance test (ANOVA) or Kruskal–Wallis test, as 
appropriate.

Logistic regression models were used to assess odd 
ratios (ORs) and 95% confidence intervals (CIs) for the 
associations between changes in TyG-related indices 
and the incidence of CVD. Four multivariate models 

Fig. 2  Clustering of changes in TyG-WC from Wave 1 to Wave 3. Changes in TyG-WC classified into four classes using the K‑means algorithm (A); Mean 
TyG-WC for the four classes in 2012 and 2015 (B); Distribution of TyG‑WC in 2012 or 2015 (C, D). PC principal component, TyG triglyceride‑glucose index, 
WC waist circumference
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were constructed: Model 1 adjusted for age and sex; 
Model 2 adjusted for age, sex, marital status, educational 
level, and smoking and drinking status; Model 3 further 
adjusted for history of hypertension, DM, dyslipidae-
mia, kidney disease, treatment for hypertension, DM, 
dyslipidaemia, SBP, and DBP based on Model 2; Model 4 
adjusted for variables in Model 3 and TC, HDL-C, LDL-
C, HbA1c, the eGFR, and hsCRP. C-statistics were calcu-
lated to compare the predictive ability of changes in TyG 
and its related indices. Additionally, sensitivity analyses 
were performed by repeating the primary analyses using 
the complete dataset without imputation.

All statistical analyses were performed using R version 
4.2.2 (R Foundation for Statistical Computing, Vienna, 
Austria). A two-sided p-value of < 0.05 was considered 
statistically significant.

Results
Baseline characteristics
The characteristics of the 3243 participants accord-
ing to classes of changes in TyG-WC, TyG-BMI, and 
TyG-WHtR are presented in Table  1 and Additional 
file (Tables S1 and S2). Among the participants, 45.6% 
(n = 1477) were men, with a mean age at baseline of 
57.62 ± 8.40  years. Compared with those in Class 1 of 
changes in TyG-WC, participants in the other classes 
were more likely to be younger, female, nonsmokers, non-
drinkers. They also had a higher prevalence of hyper-
tension, DM and dyslipidaemia, higher SBP, DBP, TC, 
LDL-C, and HbA1c levels, and lower levels of HDL-C.

Associations between changes in TyG-WC index and the 
incidence of CVD
During a 5-year follow-up, a total of 637 (19.6%) partici-
pants developed CVD events. Table 2 reveals the asso-
ciations between changes in the TyG-WC index and the 
incidence of CVD. After adjustment for covariates in 
Model 4, participants in Class 2 (OR = 1.41, 95% CI 1.08–
1.84), Class 3 (OR = 1.54, 95% CI 1.15–2.07), and Class 
4 (OR = 1.94, 95% CI 1.34–2.80) of changes in TyG-WC 
exhibited a greater risk of CVD compared to those in 
Class 1. Moreover, participants in Quartile 2 (OR = 1.33, 
95% CI 1.00–1.76), Quartile 3 (OR = 1.46, 95% CI 1.09–
1.96), and Quartile 4 (OR = 1.79, 95% CI 1.30–2.47) 
showed an increased risk of CVD compared to those in 
Quartile 1 of cumulative TyG-WC.

Associations between changes in TyG-BMI index and 
incident CVD
Changes in TyG-BMI were associated with incident CVD 
after fully adjusting for covariates (Table S3). Specifically, 
participants in Class 2 (OR = 1.32, 95% CI 1.03–1.68) and 
Class 4 (OR = 1.68, 95% CI 1.15–2.46) of changes in TyG-
BMI had a higher risk of CVD compared to those in Class 

1, while the increase in risk was not significant for Class 3 
(OR = 1.22, 95% CI 0.91–1.64). Furthermore, compared to 
Quartile 1, participants in Quartile 4 of cumulative TyG-
BMI showed an elevated risk of CVD (OR = 1.49, 95% CI 
1.09–2.05), whereas the risk increase was not significant 
for Quartile 2 (OR = 1.28, 95% CI 0.98–1.69) and Quartile 
3 (OR = 1.26, 95% CI 0.94–1.68).

Associations between changes in TyG-WHtR index and 
incident CVD
The associations between changes in TyG-WHtR index 
and the incidence of CVD are presented in the Table S4. 
After adjustment for potential confounders, the risk of 
CVD was significantly higher in Class 4 (OR = 1.53; 95% 
CI 1.05–2.24) compared to Class 1, but insignificantly 
increased in Class 2 (OR = 1.23; 95% CI 0.95–1.59) and 
Class 3 (OR = 1.25; 95% CI 0.93–1.68). Similarly, only the 
highest quartile of cumulative TyG-WHtR (OR = 1.47; 
95% CI 1.05–2.04) showed a significant increase in CVD 
risk compared to Quartile 1, while the risk increase was 
not significant for Quartile 2 (OR = 1.23; 95% CI 0.93–
1.63) and Quartile 3 (OR = 1.32; 95% CI 0.98–1.78) rela-
tive to Quartile 1.

Comparison of the predictive value of changes in TyG and 
its related indices
Additionally, we examined the associations between 
changes in TyG, cumulative TyG, and incident CVD 
(Table S5). Table 3 displays the comparison of the predic-
tive abilities of changes in TyG and its related indices for 
CVD. Results indicated that both changes in TyG-WC 
(C-statistic = 0.584, 95% CI 0.561–0.608) and cumula-
tive TyG-WC (C-statistic = 0.586, 95% CI 0.542–0.610) 
demonstrated superior discrimination for CVD among 
these indicators. Changes in TyG-WC significantly out-
performed changes in TyG alone (∆C-statistic = 0.022, 
95% CI 0.003–0.041). Similarly, cumulative TyG-WC dis-
played a significant increase in the ∆C-statistic compared 
to cumulative TyG alone (∆C-statistic = 0.026, 95% CI 
0.007–0.046). Changes in TyG-BMI and TyG-WHtR did 
not exhibit statistically significant differences in C-statis-
tics when compared to changes in TyG alone. Moreover, 
there were no statistically significant differences in C-sta-
tistics between cumulative TyG-BMI, TyG-WHtR, and 
TyG alone.

Incremental predictive value of changes in TyG-related 
indices
We further calculated and compared the C-statistics to 
assess the incremental predictive values of changes in 
TyG-obesity indices beyond the baseline obesity indica-
tors, TG, FBG, or TyG-obesity indices. Results were dis-
played in Tables S6, S7, S8.
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Characteristic Overall 
(n = 3243)

Changes in TyG-WC

Class 1 
(n = 825)

Class 2 
(n = 1106)

Class 3 
(n = 882)

Class 4 
(n = 430)

P 
value

Age, mean ± SD, years 57.62 ± 8.40 58.29 ± 8.69 57.59 ± 8.49 57.31 ± 8.24 57.07 ± 7.85 0.04
Sex  < 0.001
 Female 1761 (54.4%) 371 (45.1%) 613 (55.5%) 519 (58.8%) 258 (60.1%)
 Male 1477 (45.6%) 452 (54.9%) 491 (44.5%) 363 (41.2%) 171 (39.9%)
Marital status 0.125
 Married 2810 (86.6%) 705 (85.5%) 946 (85.5%) 776 (88%) 383 (89.1%)
 Others 433 (13.4%) 120 (14.5%) 160 (14.5%) 106 (12%) 47 (10.9%)
Education level 0.244
 No formal education 927 (28.6%) 233 (28.2%) 336 (30.4%) 234 (26.5%) 124 (28.8%)
 Primary school 1340 (41.3%) 365 (44.2%) 450 (40.7%) 355 (40.2%) 170 (39.5%)
 Middle or high school 896 (27.6%) 212 (25.7%) 293 (26.5%) 267 (30.3%) 124 (28.8%)
 College or above 80 (2.5%) 15 (1.8%) 27 (2.4%) 26 (2.9%) 12 (2.8%)
Smoking statusa  < 0.001
 Never 2026 (62.6%) 434 (52.8%) 709 (64.2%) 585 (66.6%) 298 (69.5%)
 Former 225 (7.0%) 47 (5.7%) 74 (6.7%) 67 (7.6%) 37 (8.6%)
 Current 983 (30.4%) 341 (41.5%) 321 (29.1%) 227 (25.8%) 94 (21.9%)
Drinking statusa  < 0.001
 Never 1890 (58.4%) 430 (52.3%) 660 (59.7%) 524 (59.5%) 276 (64.2%)
 Former 230 (7.1%) 69 (8.4%) 63 (5.7%) 64 (7.3%) 34 (7.9%)
 Current 1117 (34.5%) 323 (39.3%) 382 (34.6%) 292 (33.2%) 120 (27.9%)
Hypertensiona  < 0.001
 No 2066 (64.1%) 645 (78.9%) 758 (68.8%) 478 (54.6%) 185 (43.1%)
 Yes 1159 (35.9%) 173 (21.1%) 344 (31.2%) 398 (45.4%) 244 (56.9%)
Diabetesa  < 0.001
 No 2801 (87.1%) 767 (93.5%) 1015 (92.3%) 740 (85%) 279 (65.5%)
 Yes 416 (12.9%) 53 (6.5%) 85 (7.7%) 131 (15%) 147 (34.5%)
Dyslipidaemiaa  < 0.001
 No 1694 (52.9%) 640 (78.6%) 666 (61.2%) 325 (37.3%) 63 (14.8%)
 Yes 1507 (47.1%) 174 (21.4%) 423 (38.8%) 547 (62.7%) 363 (85.2%)
Kidney diseasea 0.278
 No 3048 (94.8%) 766 (93.9%) 1039 (94.5%) 832 (95.3%) 411 (96.3%)
 Yes 167 (5.2%) 50 (6.1%) 60 (5.5%) 41 (4.7%) 16 (3.7%)
Systolic blood pressure, mean ± SD, mmHga 128.58 ± 20.37 122.30 ± 18.81 126.99 ± 19.40 132.52 ± 20.59 136.73 ± 20.84  < 0.001
Diastolic blood pressure, mean ± SD, mmHga 75.29 ± 11.77 71.23 ± 10.78 74.46 ± 11.42 77.59 ± 11.41 80.51 ± 12.24  < 0.001
TC, mean ± SD, mg/dl 194.12 ± 38.74 183.77 ± 35.40 192.43 ± 36.85 198.06 ± 36.53 210.21 ± 46.80  < 0.001
HDL-C, mean ± SD, mg/dl 51.30 ± 15.15 60.11 ± 16.47 52.98 ± 13.32 46.31 ± 12.03 40.32 ± 11.43  < 0.001
LDL-C, mean ± SD, mg/dla 117.15 ± 34.55 109.49 ± 29.95 119.34 ± 33.51 121.69 ± 34.70 116.92 ± 42.09  < 0.001
HbA1c, mean ± SD, % 5.27 ± 0.82 5.11 ± 0.55 5.18 ± 0.64 5.30 ± 0.82 5.77 ± 1.32  < 0.001
eGFR, mean ± SD, ml/min/1.73 m2a 110.77 ± 29.11 112.19 ± 28.52 110.75 ± 26.55 109.19 ± 29.77 111.31 ± 34.58 0.194
TyG2012, mean ± SD 8.66 ± 0.66 8.19 ± 0.42 8.51 ± 0.47 8.88 ± 0.54 9.46 ± 0.74  < 0.001
TyG2015, mean ± SD 8.66 ± 0.61 8.18 ± 0.38 8.53 ± 0.43 8.91 ± 0.51 9.43 ± 0.58  < 0.001
BMI2012, mean ± SD 23.51 ± 3.70 20.25 ± 2.16 22.73 ± 2.76 25.36 ± 2.83 27.99 ± 3.09  < 0.001
BMI2015, mean ± SD 23.69 ± 3.55 20.34 ± 2.33 23.00 ± 2.23 25.47 ± 2.41 28.22 ± 3.20  < 0.001
WC2012, mean ± SD 85.13 ± 9.64 74.79 ± 5.20 82.93 ± 5.23 90.78 ± 5.54 99.03 ± 6.33  < 0.001
WC2015, mean ± SD 85.90 ± 10.06 74.75 ± 5.66 84.08 ± 5.36 91.84 ± 5.60 99.78 ± 7.22  < 0.001
WHtR2012, mean ± SD 0.54 ± 0.06 0.48 ± 0.04 0.53 ± 0.04 0.57 ± 0.04 0.62 ± 0.05  < 0.001
WHtR2015, mean ± SD 0.55 ± 0.07 0.48 ± 0.04 0.54 ± 0.04 0.58 ± 0.04 0.63 ± 0.05  < 0.001
TyG-BMI2012, mean ± SD 204.18 ± 39.55 165.72 ± 18.51 193.25 ± 23.28 224.71 ± 25.21 263.98 ± 29.26  < 0.001
TyG-BMI2015, mean ± SD 205.96 ± 38.66 166.33 ± 19.95 195.96 ± 19.83 226.49 ± 21.70 265.63 ± 28.92  < 0.001
TyG-WC2012, mean ± SD 738.92 ± 116.04 612.01 ± 46.65 705.25 ± 47.28 804.38 ± 50.74 934.77 ± 73.38  < 0.001
TyG-WC2015, mean ± SD 746.43 ± 118.41 611.21 ± 49.80 716.15 ± 47.03 816.65 ± 51.72 939.72 ± 69.97  < 0.001

Table 1  Baseline characteristics of 3243 participants according to TyG-WC change classes
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Sensitivity analyses
Sensitivity analyses performed using the complete data-
set without imputation yielded consistent results with the 
primary analysis (Tables S9, S10, S11). Changes in TyG-
WC and cumulative TyG-WC consistently showed the 
strongest association with the incidence of CVD.

Discussion
Our study revealed that changes in TyG-WC, TyG-
BMI, and TyG-WHtR, as well as the cumulative TyG-
WC, TyG-BMI, and TyG-WHtR, were independently 
associated with incident CVD in participants from the 
CHARLS cohort. Notably, among these change patterns 
of TyG-related indices, changes in TyG-WC had the 
strongest association with CVD incidence. Furthermore, 
the cumulative TyG-WC demonstrated a stronger cor-
relation with incident CVD compared to the cumulative 
TyG-BMI and TyG-WHtR. These trends remained steady 
in subsequent sensitivity analyses.

Previous investigations have provided evidence dem-
onstrating that the TyG and its related indices are reliable 
predictors of IR [13, 31, 32]. These indices have gained 
popularity in recent studies as they are derived from 
easily available measurements of FBG, TG, and obe-
sity indicators. Some studies have suggested the under-
lying biological mechanism of TyG-related indices in 
the development of IR. Pathological conditions such as 
hyperlipidaemia and/or hyperglycaemia can enhance the 
formation of Advanced Glycation End Products (AGEs) 
in the human body [33, 34]. The accumulation of AGEs 
in metabolic organs can promote oxidative stress, inflam-
mation and the development of IR [35, 36]. Additionally, 
adipose tissue has been demonstrated to be the primary 
source of oxidative stress [37]. Enlarged adipose tissues 
can release toxic lipids, disrupting insulin sensitivity 
modulation and further contributing to the development 
of IR [21]. Consequently, adiposity indices including BMI, 
WC, and WHtR may provide incremental value for pre-
dicting IR when combined with TyG. Two cross-sectional 

Table 2  Associations of changes in TyG-WC and cumulative TyG-WC with cardiovascular disease incidence
Event/total Model 1a Model 2b Model 3c Model 4d

OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value
Changes in TyG-WC
 Class1 108/825 Reference Reference Reference Reference
 Class2 209/1106 1.56 (1.21–2.01) 0.001 1.58 (1.22–2.03)  < 0.001 1.45 (1.11–1.88) 0.005 1.41 (1.08–1.84) 0.012
 Class3 196/882 1.93 (1.48–2.5)  < 0.001 1.94 (1.49–2.52)  < 0.001 1.56 (1.18–2.07) 0.002 1.54 (1.15–2.07) 0.004
 Class4 124/430 2.76 (2.06–3.7)  < 0.001 2.77 (2.06–3.73)  < 0.001 1.94 (1.38–2.73)  < 0.001 1.94 (1.34–2.80)  < 0.001
Cumulative TyG-WC
 Quartile1 107/811 Reference Reference Reference Reference
 Quartile2 145/810 1.45 (1.10–1.90) 0.008 1.46 (1.11–1.92) 0.007 1.36 (1.03–1.79) 0.030 1.33 (1.00–1.76) 0.047
 Quartile3 168/811 1.74 (1.33–2.28)  < 0.001 1.76 (1.34–2.30)  < 0.001 1.50 (1.13–1.99) 0.005 1.46 (1.09–1.96) 0.011
 Quartile4 217/811 2.46 (1.89–3.18)  < 0.001 2.47 (1.90–3.20)  < 0.001 1.80 (1.34–2.44)  < 0.001 1.79 (1.30–2.47)  < 0.001
 P for trend 637/3243 1.33 (1.23–1.44)  < 0.001 1.33 (1.23–1.45)  < 0.001 1.20 (1.09–1.32)  < 0.001 1.20 (1.08–1.33) 0.001
WC waist circumference, CI confidence interval, OR odds ratio, TyG triglyceride-glucose index
aAdjusted for age and sex
bAdjusted for age, sex, marital status, educational level, smoking status, and drinking status
cAdjusted for variables in Model 2 and history of hypertension, diabetes, dyslipidaemia, kidney disease, medication use for hypertension, medication use for 
diabetes, medication use for dyslipidaemia, systolic blood pressure, diastolic blood pressure
dAdjusted for variables in Model 3 and total cholesterol, HDL-C, LDL-C, HbA1c, the eGFR, and hsCRP

Characteristic Overall 
(n = 3243)

Changes in TyG-WC

Class 1 
(n = 825)

Class 2 
(n = 1106)

Class 3 
(n = 882)

Class 4 
(n = 430)

P 
value

TyG-WHtR2012, mean ± SD 4.69 ± 0.75 3.90 ± 0.34 4.48 ± 0.37 5.09 ± 0.42 5.88 ± 0.52  < 0.001
TyG-WHtR2015, mean ± SD 4.75 ± 0.78 3.91 ± 0.37 4.57 ± 0.40 5.18 ± 0.42 5.93 ± 0.50  < 0.001
Cumulative TyG-BMI, mean ± SD 615.2 ± 111.8 498.1 ± 51.2 583.8 ± 54.7 676.8 ± 58.3 794.4 ± 76.7  < 0.001
Cumulative TyG-WC, mean ± SD 2228.0 ± 332.6 1834.8 ± 108.4 2132.1 ± 85.5 2431.5 ± 97.2 2811.7 ± 165.9  < 0.001
Cumulative TyG-WHtR, mean ± SD 14.15 ± 2.17 11.72 ± 0.89 13.57 ± 0.90 15.41 ± 1.00 17.72 ± 1.26  < 0.001
BMI body mass index, WC waist circumference, WHtR waist height ratio, eGFR estimated glomerular filtration ratio, HbA1c glycated haemoglobin, HDL-C high-density 
lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, SD standard deviation, TC total cholesterol, TyG triglyceride-glucose index
aMissing data: 5 for sex, 9 for smoking status, 6 for drinking status, 18 for hypertension, 26 for diabetes, 42 for dyslipidaemia, 28 for kidney disease, 13 for systolic 
blood pressure, 13 for diastolic blood pressure, 7 for LDL-C, 1 for the eGFR, and 11 for HbA1c

Table 1  (continued) 
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studies have indicated that TyG-WC, TyG-WHtR, and 
TyG-BMI were more effective than TyG alone in detect-
ing IR [32]. Moreover, findings from a cross-sectional 
survey within the National Health and Nutrition Exami-
nation Survey (NHANES) dataset, which included 9884 
participants, suggested that TyG-WC may be a more sen-
sitive index for assessing IR compared to other indicators 
[31].

Previous studies have validated the associations 
between TyG-related indices and stroke, hypertension, 
atrial fibrillation recurrence, and carotid atherosclero-
sis [24, 38–40]. Additionally, baseline TyG-related indi-
ces have been identified as useful predictors for CVD 
and CHD [18, 22–24]. Recent studies have also revealed 
the association between TyG-related indices and inci-
dent CVD [18, 23]. However, these studies have a limi-
tation in that they only assessed TyG-related indices at 
baseline. Only one study has explored the association 
between cumulative TyG-BMI and the risk of CVD [26]. 
An analysis of the Coronary Artery Risk Development in 
Young Adults study, which included 4754 participants in 
the analysis of the trajectory of TyG and incident CVD, 
revealed that a higher long-term trajectory of TyG was 
associated with a greater risk of CVD [15]. Thus, visit-to-
visit assessment of TyG-related indices may provide more 
robust CVD risk stratification, as they could represent 
the long-term effect of TyG-related indices.

To our knowledge, this is the first study to investi-
gate the impact of dynamic TyG-WC, TyG-BMI, and 
TyG-WHtR levels on CVD events. Our study employed 
the K-means algorithm to characterize changes in 

TyG-related indices. Our results revealed that individuals 
in Class 4, with consistently highest TyG-related indices, 
had the highest risk of CVD, while those in Class 1, with 
consistently low TyG-related indices, displayed the lowest 
CVD risk. Similarly, individuals in Quartile 4 of cumula-
tive TyG-related indices exhibited the highest risk of 
CVD. Notably, we observed that changes in TyG-WC and 
cumulative TyG-WC exhibited the strongest association 
with the risk of CVD. Besides, both changes in TyG-WC 
and cumulative TyG-WC yielded superior C-statistics in 
predicting CVD compared with other indices.

The precise mechanism by which TyG-related indices 
contribute to the development of CVD remains poorly 
unravelled, with the primary mechanism related to IR 
warranting consideration. First, IR can trigger a cascade 
of pathologies, including oxidative stress, chronic inflam-
matory state, and systemic lipid disturbances, which may 
lead to the initiation and development of atherosclerosis 
[41]. Second, IR can induce the overproduction of AGEs, 
leading to nitric oxide (NO) inactivation, which damages 
endothelial function [42]. Excessive production of reac-
tive oxygen species (ROS) related to IR also contributes 
to endothelial dysfunction [43]. Third, IR may medi-
ate platelet activation and adhesion to the endothelium 
and thrombus formation, leading to arterial stenosis 
or occlusion, thereby increasing the risk of stroke and 
heart attack [44, 45]. Moreover, excessive glycosylation 
triggered by IR can enhance collagen remodelling and 
smooth muscle cell proliferation, resulting in height-
ened stiffness and fibrosis of the left ventricle, ultimately 
raising the susceptibility to heart failure [46]. Last, indi-
viduals with IR often accompany a series of validated car-
diovascular risk factors, such as a larger WC and BMI, as 
well as more comorbidities including DM, dyslipidaemia, 
and hypertension [7, 34]. Notably, our results revealed 
that the change in TyG-WC showed the strongest associ-
ation with the incidence of CVD. A cross-sectional study 
also supported the TyG-WC as a better predictor of total 
CVD [18]. Our study further corroborated this finding by 
analysing changes in TyG-WC and cumulative TyG-WC 
based on repeated assessments. BMI is calculated based 
on height and weight, which cannot differentiate between 
fat mass and lean body mass, and therefore cannot accu-
rately reflect the effect of adipose tissue on metabolism 
[47]. While WC is an indicator of central obesity and may 
serve as a more accurate predictor for IR. A study sup-
ported the point that TyG-WC may be a better predic-
tor for IR [31], partially explaining our finding. Further 
experimental studies are necessary to validate the specific 
mechanisms.

Our research enhances the established knowledge 
by providing evidence that substantiates the utility of 
dynamic changes in TyG-related indices, particularly 
TyG-WC, as valuable markers for assessing the risk of 

Table 3  Comparison of the predictive value of changes in 
TyG-WC, TyG-BMI, TyG-WHtR, and TyG for incident CVD

C-statistica C-statisticb ΔC-statisticc P-val-
ue for 
ΔC

Changes in
 TyG-WC vs. TyG 0.584(0.561–

0.608)
0.562(0.538–
0.586)

0.022(0.003–
0.041)

0.022

 TyG-BMI vs. TyG 0.565(0.541–
0.588)

0.562(0.538–
0.586)

0.003(-0.021–
0.023)

0.823

 TyG-WHtR vs. 
TyG

0.578(0.554–
0.601)

0.562(0.538–
0.586)

0.015(-0.006–
0.035)

0.134

Cumulative
 TyG-WC vs. TyG 0.586(0.542–

0.610)
0.559(0.536–
0.583)

0.026(0.007–
0.046)

0.007

 TyG-BMI vs. TyG 0.566(0.542–
0.590)

0.559(0.536–
0.583)

0.007(-0.017–
0.028)

0.551

 TyG-WHtR vs. 
TyG

0.579(0.556–
0.603)

0.559(0.536–
0.583)

0.020(-0.001–
0.040)

0.056

TyG triglyceride‑glucose index, WC waist circumference, BMI body mass index, 
WHtR waist height ratio
aC-statistic of the first indicator
bC-statistic of the second indicator
cΔC-statistic = C-statistica − C-statisticb
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CVD. We believe that monitoring long-term TyG-related 
indices has clinical implications for identifying individu-
als at high risk of CVD. First, obesity is a recognized risk 
factor for IR and metabolic disorders. Integrating obe-
sity-related indicators, including WC, BMI, and WHtR, 
into TyG provides a more comprehensive and robust 
assessment of IR [31, 48]. Second, our study is based on 
the CHARLS survey, which regularly conducts regular 
standardized follow-up on health-related information, 
offering a reliable data source for analysing dynamic 
changes in TyG-related indices. Last, height, weight, WC, 
FBG, and TG are routinely collected and easily available 
in primary healthcare settings, enhancing the generaliz-
ability and practicality of TyG-related indices in clinical 
implementation.

Nevertheless, we acknowledge certain limitations 
associated with this study. First, current research can-
not directly compare TyG-related indices with the gold 
standard for IR, which may partially limit the evidence 
that TyG-related indices, as surrogate markers of IR, 
increase the risk of CVD events. Second, blood samples 
in the CHARLS study were only collected only at Wave 
1 and Wave 3, limiting our ability to detect more spe-
cific dynamic trends in TyG-related indices. Third, since 
CVD events in the CHARLS were based on question-
naires rather than medical records such as angiography, 
there may be slight differences in actual CVD incidence. 
Fourth, in the CHARLS, only one FBG measurement 
was taken at baseline, and a single measurement of 
FBG ≥ 126  mg/dL may not be sufficient for diagnosing 
DM. Fifth, although we adjusted for potential confound-
ers progressively, residual confounder bias cannot be 
completely ruled out. Last, the individuals in our study 
were recruited from China and were predominantly mid-
dle-aged and older adults; therefore, additional research 
is necessary to extrapolate these findings to other age 
groups and countries.

Conclusion
Our study, based on the CHARLS dataset, indicated that 
the dynamic changes in TyG-related indices are indepen-
dently associated with the risk of CVD, with changes in 
TyG-WC showing the strongest association with CVD 
incidence. The dynamic changes in TyG-related indices, 
particularly in TyG-WC, could serve as valuable indica-
tors for CVD risk assessment, thereby providing more 
information for personalized prevention or intervention 
strategies for CVD.
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